INTRODUCTION
============

Pelvic organ prolapse (POP) is often accompanied by the overactive bladder (OAB) symptoms including urinary frequency, urgency andincontinence. Community-based studies showed a higher prevalence of OAB symptoms in women with POP than those without POP \[[@B1]-[@B3]\]. POP is likely to be a causative factor in cases of OAB, which has been proved by many hospital-based studies. Anterior vaginal wall prolapse (AVP) repair by the standard anterior colporrhaphy or using a polypropylene mesh both have reported a very good resolution of OAB symptoms \[[@B4]-[@B6]\]. In addition, even the POP repair by a vaginal pessary placement also showed a significant improvement in urgency and urge incontinence \[[@B7]-[@B9]\]. While there seems to be a relationship between the OAB symptom resolution and the anatomic repair, however, a subset of patients still complain OAB symptoms after the AVP repair and they are in need of the additional medical treatment.

Despite growing clinical evidence, the pathophysiological mechanisms underlying OAB symptoms in conjunction with POP are not well characterized yet. It is difficult to predict the disease course of OAB after AVP repair. This is because it is not clear which factors can predict whether the OAB symptoms disappear or not after the AVP surgery. To date, few studies clarified this issue but recent report suggested that the persistent OAB symptoms after AVP repair were not related to the demographic factors rather than the preoperative higher PdetQmax \[[@B10]\].

The purpose of this study was to determine whether preoperative urodynamic parameter is a valuable predictor for the persistence of OAB symptoms after AVP repair or not.

MATERIALS AND METHODS
=====================

Our study prospectively analyzed the change of OAB symptom after a combined prolapse repair. From October 2008 to January 2012, a total of 65 OAB patients with concomitant POP-Q stage III and IV anterior vaginal wall prolapse (AVP) underwent a surgical repair and were enrolled in this study. AVP repair consisted of either a standard anterior colporrhaphy or the use of polypropylene mesh with Gynemesh PS or Prolift system (Ethicon Women\'s Health and Urology, Somerville, USA). Patients with concomitant apical suspension or posterior repair were included but those with POP repair or incontinence surgery within 1 year prior to baseline evaluation, a concomitant procedure forstress urinary incontinence, anticholinergic medication, neurological disease, urinary tract infection, bladdertumor or stones, or bladder outlet obstruction (BOO) from anetiology other than POP were excluded in order to eliminate possible role as a confounding variable. All patients were subjected to a preoperative urodynamic study, for whom the OAB symptom scores (OABSS) on questionnaire were preoperatively recorded. Urodynamic studies were performed according to the guidelines established by the International Continence Society with an unreduced prolapse state. During cystometry, presence of detrusor overactivity (DO) which was defined as any involuntary rise in detrusor pressure of greater than 5 cm of water during filling associated with urgency or bladderfullness were identified. Besides, the voiding pressure at maximal flow (PdetQmax) and maximal flow rate (Qmax) on a pressure flow study were recorded. This was followed by the calculation of the bladder outlet obstruction index (BOOI). The OABSS represents the sum score of four symptoms such as daytime frequency, nighttime frequency, urgency and urge incontinence, and it has recently been developed and validated. It has been used to estimate the severity of OAB symptoms \[[@B11]\]. The diagnostic criteria is defined as cases in which total scores were higher than 3 points and urgency ones were higher than 2 points. We firstly analyzed the correlation between the bladder outlet obstruction index (BOOI) and the OABSS to investigate the role of obstruction in aggravating the OAB symptoms. Then, we randomly divided patients into two group: the group A (high PdetQmax, BOOI≥20) and the group B (low PdetQmax, BOOI\<20). In each group, the OABSS was repeatedly measured after a sufficient length of the post-operative follow-up period of more than 6 months. This was followed by a statistical analysis ofthe changes in the OABSS.

To evaluate the correlation between the BOOI and the OABSS, Pearson correlation coefficients were determined. Besides, a paired t-test was applied to analyze changes in the OABSS between preoperatively and postoperatively. Statistical analysis was done using SPSS ver.13.0 (SPSS Inc., Chicago, IL, USA) with p-values of less than 0.05 were considered to be statistically significant.

RESULTS
=======

A total of 65 patients (mean age: 64.3±8.2 years) completed a repeated recording of the OABSS after a sufficient length of the postoperative follow-up period (mean value: 24.3±8.3 months). All the patients showed a state of the successful anatomic repair, which was determined based on the absence of recorded failure on physical examination. A correlation analysis showed that the BOOI had a significant positive linear correlation with the total OABSS (r=0.37, p=0.01) and the urgency score (r=0.34, p=0.01) prior to the AVP repair ([Figs. 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}). According to the calculated BOOI, 31 patients (mean age: 66.1±7.6 years) were classified as the group A (high PdetQmax, BOOI≥20) and 34 patients (mean age: 62.6±8.3 years) were classified as the group B (low PdetQmax, BOOI\<20). At baseline, there were no differences in demographic information and concomitant surgeries between the two groups ([Table 1](#T1){ref-type="table"}). The group B showed significant decrease of symptom score in daytime frequency (p\<0.01), urgency (p=0.04), urge incontinence (p=0.03), nocturnal frequency (p=0.01) and total score (p=0.01) after the AVP repair. In the group A, however, there was no significant decrease of symptom score in daytime frequency (p=0.42), urgency (p=0.61), urge incontinence (p=0.3), total score (p=0.15). But there was a significant decrease of nocturnal frequency (p=0.01) ([Table 2](#T2){ref-type="table"}).

The DO was found in 4 patients (12.9%) of the group A and 3 patients(8.8%) of the group B. All the patients with DO show no improvement of OAB symptoms after the AVP repair.

DISCUSSION
==========

There are various possible theories regarding the pathophysiology of OAB in relation to POP, which can be summarized in two mechanisms. The most popular and commonly described theory is that BOO induced denervation of autonomic nerve supply to the detrusor muscle and physiologic alteration of detrusor muscle. POP can cause BOO in a large series of cases, which might be a probable mechanism of POP-induced OAB. Various human and animal studies have demonstrated the denervation of autonomic nerve supply to the detrusor muscle in obstructed bladder \[[@B12]-[@B15]\]. The reaction to the acetylcholine was super sensitized and reduced nerve-mediated responses werefound compared to the normal stable bladder, which suggests that there is a super sensitivity to neurotransmitters secondarily to partial denervation of the obstructed bladder. Ischemia and hypoxia of the bladder wall caused by bladder distension and contraction might play an important role in this partial denervation in an obstructed bladder \[[@B16],[@B17]\]. BOO also causes a physiologic change in the detrusor muscle. There are a decrease in the cell-to-cell propagation of the electrical activity and a greater instability of the membrane potential, which might cause a depolarization of the cell. Therefore, the detrusor muscle in obstructed bladder is more irritable while synchronous activation is damaged \[[@B18]\]. In addition, it was shown that the BOO model exhibit significant more short latency spinal reflexes than controls while the long latency reflexes were similar in animal study \[[@B19]\]. This suggests that obstruction in rats is accompanied by some degree of neural plasticity resulting in a more prominent spinal reflex that could contribute to the development of the unstable bladder \[[@B19]-[@B21]\].

In the present study, we found a strong correlation between the BOOI and the OABSS, which supports the theory that BOO is the mechanism of POP-induced OAB. However, we also experienced the improvement of OAB symptoms after the AVP repair in a fair number of non-obstructive cases. It can therefore be inferred that there might be another probable mechanism of POP-induced OAB.

The second probable theory is that POP induces the occurrence of bladder distension and this might trigger the activation of stretch receptors in the urethelium and then result in the overactivity of detrusor muscle. The stretch receptors in the urothelium release various chemical factors such as ATP, Ach and P2X3 in the condition of bladder distension and this stimulus reaches the sensory neurons and myofibroblasts in the urothelial and suburothelial region which conducts these stimuli to the detrusor muscle \[[@B22]-[@B24]\]. Stretching of the bladder wall is likely to happen in anterior vaginal prolapse and this might trigger the activation of stretch receptors resulting indetrusor overactivity. POP generally occur under the damaged state of pelvic ligaments or fascia. If the pelvic ligaments are lax, the vaginal wall cannot be supported by the muscle forces. A lax vaginal wall cannot support the stretch receptors and this may cause gravity to stimulate the nerve ending at the bladder trigone, causing a premature activation of the micturition reflex, expressed as OAB symptoms, such as urinary urgency, frequency, nocturia and urgency incontinence. In the bladder base, the hydrostatic pressure of the urine can not be supported, and bladder stretch receptors may \"fire off\" to initiate micturition at a lower volume in the same manner. In addition, stretching the bladder base vigorously upwards the pubic symphysis can worsen urgency symptoms \[[@B25]\].

Considering this theory, it is probable that AVP repair may improve OAB symptoms by restoring stretching mechanism in non-obstructive patients. Our results suggest that the AVP with the high BOOI group tends to manifest more severe, irreversible OAB symptoms, whereas that with the low BOOI group does less severe, reversible OAB symptoms. Furthermore, the current study can respond to a question why a subset of patients still complain OAB symptoms even after AVP treatment, whilesome patients experienced an improvement of the symptoms. Fletcher et al. \[[@B10]\] demonstrated a persistent presence of OAB symptoms after the AVP repair had no correlations with the age, parity, BMI or prolapse grade. These authors noted, however, that it was related rather to the pre-operative PdetQmax on their retrospective cohort study. It was suggested that the higher degree of pre-operative PdetQmax appeared as a modest independent risk factor for a persistent urge urinary incontinence after the AVP repair in their study, which is consistent with our results that the degree of BOOI may be a predictor of changes in the OAB symptoms after the AVP repair.

As for a possible source of bias, including a concomitant repair of other compartment prolapse, different baseline characteristics may have an effect on the result. However, there was not significant differences in the baseline demographic factors between the two groups, which can therefore support our result. The presence of preoperative DO also can be a confounding variable. It has been reported the coexisting rate of DO is also higher in advanced POP \[[@B26],[@B27]\].It remains uncertain, however whether the DO arises from POP in coexisting cases as the POP increases the incidence of OAB. According to a recent retrospective study, the urgency and urge urinary incontinence were mostly resolved after the POP surgery in women without DO. In women with DO, however, the urgency and urge urinary incontinence frequently were still present postoperatively \[[@B27]\]. This suggests that urgency without DO is attributed to some temporary POP-related factors such as direct irritation to the prolapsed bladder, in addition to a prolapsed obstruction of the urethra \[[@B28]\]. In our clinical series patients, there were only 4 cases (12.9%) of DO in the high BOOI group and 3 cases (8.8%) in thelow BOOI group and all the patients with DO showed no improvement of OAB symptoms after the AVP repair. This implies that the DO might be an independent finding from the AVP.

One of interesting finding is the improvement of nocturnal frequency in the high BOOI group. As is known, nocturia is a complex disease which is influenced by various factors other than BOO. However, it was recently reported nocturnal bladder capacity (NBC) increased significantly starting from the early postoperative period after resolution of prostatic obstruction \[[@B29]\]. It is probable this phenomenon can occur after resolution of female BOO, which can be a plausible explanation for the improvement of nocturnal frequency in the high BOOI group after the AVP repair. It remains to be clarified by future work.

To our knowledge, the present study is first pilot study to identify the prognostic factors in predicting changes in the OAB symptoms after the AVP repair. Our results showed that a preoperative pressure flow study might be a useful predictive tool in treating OAB patients combined with the AVP. However, our study is limited by the very nature of small sample size. Further larger-scale prospective studies are therefore warranted to draw a definite conclusion.

CONCLUSIONS
===========

A preoperative pressure-flow study can be a valuable tool in predicting the OAB symptoms change after the combined AVP repair. While the AVP repair leads to the improvement of OAB symptoms generally, some patients with a higher preoperative PdetQmax are still in need of the additional medical treatments.
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Comparison of baseline demographic factors between two groups
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Statistics were analyzed by unpaired t-test and chi-square test.
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Comparison of changes in the OAB symptom scores between before and after the anterior vaginal wall prolapse repair
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